The Pediatric Growth Chart (2007) is used as a standard reference to evaluate weight and height percentiles of Korean children and adolescents. Although several previous studies provided a useful reference range of newborn birth weight (BW) by gestational age (GA), the BW reference analyzed by sex and plurality is not currently available. Therefore, we aimed to establish a national reference range of neonatal BW percentiles considering GA, sex, and plurality of newborns in Korea. The raw data of all newborns (470,171 in 2010, 471,265 in 2011, and 484,550 in 2012) were analyzed. Using the Korean Statistical Information Service data (2010-2012), smoothed percentile curves (3rd-97th) by GA were created using the lambda-mu-sigma method after exclusion and the data were distinguished by all live births, singleton births, and multiple births. In the entire cohort, male newborns were heavier than female newborns and singletons were heavier than twins. As GA increased, the difference in BW between singleton and multiples increased. Compared to the previous data published 10 years ago in Korea, the BW of newborns 22-23 gestational weeks old was increased, whereas that of others was smaller. Other countries' data were also compared and showed differences in BW of both singleton and multiple newborns. We expect this updated data to be utilized as a reference to improve clinical assessments of newborn growth.
INTRODUCTION
Worldwide data of the significance of newborn birth weight (BW) have been studied since the 1970s (1) . By analyzing newborn BW by gestational age (GA), we can evaluate fetal growth, intrauterine growth restriction (which has high perinatal mortality), and epidemiologic data comparing fetal growth and chronic adulthood disease. The newborn's condition immediately after birth can be predicted accordingly. From the longterm perspective, a nation's public health system could be established (2, 3) It has recently become popular in Korea to marry at a later age, which could increase the number of elderly gravida and high-risk pregnancies, eventually increasing premature birth rates. In addition, in vitro fertilization is associated with an increase in multiple pregnancies. There has been a recent increase in inter-racial infants in Korea (8) (9) (10) . These changes have a strong influence on BW. Therefore, in this study, we aimed to establish a new national reference range of neonatal BW percentiles considering the GA, sex, and plurality of newborns in Korea.
MATERIALS AND METHODS
For this study, we used the Korean Statistical Information Service data (2010.01-2012.12) of a total of 1,425,986 newborns. The raw data of all newborns (470,171 in 2010, 471,265 in 2011, and 484,550 in 2012) were analyzed. Our results were based on 1,422,890 births after exclusions. Newborns with unknown BW (n = 2,100), unknown GA (n = 2,514), or a GA < 22 weeks (n = 73) or > 42 weeks (n = 297) were excluded. Some of the exclusions (n = 1,888) are duplicated. The GA referred to the interval, in completed weeks, between the first day of the mother's last menstrual period and the delivery date. Therefore, the GA of 40 weeks means 40 weeks plus 0-6 days. BW was measured to the nearest 10 g. Fig. 1 represented the percentile curves of BW for GA based on the Korean Statistical Information Service's raw data after exclusions. It included the estimated error data of 28-32 weeks' gestation. The histogram of BW of 28-32 weeks' gestation before smoothing showed a double humped curve as reported by Lee (6) . Both humps are normal distributions with the estimated truth (left) and error values (right).
This report used the Finite Gaussian mixture model, which is a convex combination of two or more probability density functions that was enabled to correct the error and represent the normal distribution curve (11, 12) . The lambda-mu-sigma (LMS) method, a way of obtaining normalized growth curves, was developed by Cole and Green (13) , and it was expected that the data could be normalized using a powerful transformation that changes raw data into a standard deviation Z-score. The LMS method calculates asymmetrical parameters by the Box-Cox transformation to be normal. Here it estimated the three parameters of the Box-Cox transformation of the measurement distribution (14) . The three parameters are constrained to change smoothly as the covariate changes.
The LMS methods were analyzed by Stata version 12.0 (StataCorp, College Station, TX, USA). Moreover, all graphs were made using GraphPad Prism software (ver. 6.05, GraphPad Software Inc., La Jolla, CA, USA). The SPSS for Windows (version 18.0; SPSS, Chicago, IL, USA) was used for the data input, processing, and analysis. The smoothed data were represented by the BW percentile curves. The curves appeared at intervals of one week by gestation and separated into all live births, singlet births, and multiple births. We also constructed separate curves and tables for male and female newborns for the 3rd, 5th, 10th, 25th, 50th, 75th, 90th, 95th, and 97th percentiles from 22 to 42 completed weeks based on smoothed estimated curves.
Classification according to BW are as follows: extremely low birth weight (ELBW, BWs < 1,000 g) infants, very low birth weight (VLBW, BWs < 1,500 g) infants, low birth weight (LBW, BWs < 2,500 g) infants, normal birth weight (NBW, 2,500 ≤ BWs ≤ 3,999 g) infants, high birth weight (HBW, BWs > 4,000 g) infants.
RESULTS
Of all infants born between 2010 and 2012, there were 733,980 and 692,006 boys and girls, respectively, showing a gender ratio of 1.06, and there were 1,381,088 and 42,314 singleton and multiple births, respectively (Table 1) . After assessing BW and GA for the 3-year period, extremely low BW infants and very low BW infants accounted for 0.24% and 0.62%, respectively, while premature birth infants born at < 37 weeks' gestation accounted for 6% of the total infant population (Table 2) . Initially, data on 2,726 infants whose BW and GAs were unclear as well as those of 370 infants whose GA was ≤ 21 weeks or ≥ 43 weeks were excluded from the raw data of the National Statistical Office of South Korea. Subsequently, error data of 28-32 weeks' gestation were removed, followed by smoothing with the LMS method.
All infants were classified according to gestation regardless of singleton or multiple birth, and data on the 3rd, 5th, 10th, 25th, 50th, 75th, 90th, 95th, and 97th percentiles are presented in Tables 3 (male) and 4 (female). Data on boys and girls born by sin- gleton and multiple births are presented in Tables 5-8 . The BW percentile curves after smoothing singleton births are presented in Fig. 2A and B, while the BW percentile curves of multiple births are presented in Fig. 3A and B. In the 10th, 50th, and 90th percentile graphs of singleton births, boys showed higher BW than those of girls in the total infant graphs at each GA (Fig. 2C ).
Multiple-birth infants also showed a pattern similar to that of singleton-birth infants. However, BW of boys and girls close to 40 weeks' gestation in the 10th percentile graph tended to be similar (Fig. 3C ). When graphs of singleton-and multiple-birth male and female infants overlapped by GA, more differences in BW were seen between multiple-and singleton-birth infants as GA increased (Fig. 4) . When BW of singleton-birth male and female infants were compared with other data in South Korea from 2000-2004 for the 10th, 50th, and 90th percentile graphs (6), the patterns were similar for 30-32 weeks, whereas the 10th percentile graph of the present study showed a lower mean BW before 30 weeks' gestation ( Fig. 5A) . In contrast, when twin male and female infants were compared in the 10th, 50th, and 90th percentiles, BW increased after 37 weeks' gestation compared to the data of 2000-2004 (Fig. 5B) .
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GP, gestational period. Percentile   22  19  368  386  413  457  506  554  597  622  638  23  41  426  449  485  544  608  670  725  758  779  24  76  478  509  556  632  713  791  859  899  925  25  77  531  570  629  723  822  916  998  1, 50th, and 90th percentile graphs; both boys and girls were heavier than singleton-birth infants in Brazil in the 10th percentile but lighter in the 90th percentile (Fig. 6 ) (15) . Compared with data of 676,605 singleton births in Canada between 1994 and 1996 (16), Canadian infants were lighter or similar in BW until 36 weeks' gestation, but BW of Korean infants were much lower than those of Canadian infants after 36 weeks' gestation (Fig. 7) . While BW of twins were higher than those of American and Taiwanese boys and girls, the gap decreased after 38 weeks' gestation ( Fig. 8) (17,18) . In the American study, the fetal growth of each twin was estimated from regression curves fit to ultrasonographic fetal weight measurements, and the estimated data could have a bias.
DISCUSSION
The most basic characteristic of babyhood is growth, and since abnormal growth may be a critical signal of disease, its evalua- tion is essential (19) . Growth begins in the uterus, and BW, the starting point after birth, is an important index for quantifying uterine and later growth and related to complications including perinatal mortality and perinatal distress (20) . BW is also related to the development of cardiovascular disease, diabetes, and hypertension in adulthood (21) . However, since infant BW is affected by both environmental and genetic factors, it is important to identify the percentile distribution of BW during pregnancy using recent data to evaluate infants (22) . In fact, the reference BW of the 90th percentile, which was the reference for 30 weeks' gestation singleton births in the present study, was 1,924 g for boys and 1,837 g for girls. These weights were higher than those reported in Korea approximately 10 years previously (boys, 1,855 g; girls, 1,758 g). In addition, the reference BW were higher than those reported in the United States for 257,855 singleton births between 1998 and 2006 (boys, 1,761 g; girls, 1,693 g), and in Canada for 676,605 singleton births between 1994 and 1996 (boys, 1,837 g; girls 1,783 g). The reference BW for the 10th percentile at 40 weeks' gestation were 3,000 g for boys and 2,890 g for girls. These weights were higher than those in Korea 10 years previously (boys, 2,898 g; girls, 2,790 g) and those reported in the US (boys, 2,950 g; girls, 2,855 g) but were lower than those in a Canadian report (boys, 3,079 g; girls, 2,955 g) (6, 16, 23) . In this study, male singleton and multiple infants had higher BW than female infants at each GA. These findings are consistent with those of other studies. According to the report by Kramer et al. (16) , the mean BW of male singletons is approximately 50 g heavier than that of female singletons at the 90th percentile at 30 weeks' gestation, increasing to 120 g heavier at the 10th percentile at 42 weeks' gestation. Roberts et al reported that the mean BW of male twins is approximately 100 g heavier than that of female twins at 27-29 weeks' gestation, increasing to 150 g heavier at 40 weeks' GA (24) . Fetal growth is generally influenced by placental properties and the fetus's inherent growth potential. This observed gender-specific difference may be caused by gender-dependent differences in "sensitivity" to the placental and fetal tissue to fasting plasma glucose or weight gainassociated factors (25) . The differences in BW between males and females reportedly differed less in multiples than in singletons (26) . However, our study showed that this gender difference was almost the same within singleton and multiple births.
Compared to singleton-birth infants, multiple-birth infants have limited growth within the uterus; therefore, the evaluation http://dx.doi.org/10.3346/jkms.2016.31.6.939 criteria for infant BW need to be changed depending on singleton or multiple births (17) . The growth of twins and triplets is reportedly similar to that of singleton-birth infants until 32 and 29 weeks' gestation, respectively, after which point it differs from that of singleton-birth infants. In contrast, it has been reported that a difference in growth between singleton-and multiple-birth infants began to appear after 28 weeks since multiple-birth infants showed growth limitations after 28 weeks' gestation (23, 27) . According to the report by Bleker et al. (26) , the difference in BW between singletons twins at 39-40 weeks' gestation was 600 g. Our study showed a similar difference in BW between singletons and multiples until about 30 weeks' gestation, but as GA increased after 30 weeks, the difference was greater. As such, the mean BW of male singletons is approximately 460 g heavier than that of female singletons, while that of male multiples is 410 g heavier than that of female multiples at the 50th percentile at 40 weeks' gestation. We compared our new curve with previously published data on singleton (both sexes) and twin BW percentiles by GA in 2000-2004 in Korea. When the validation samples were categorized as small for GA (SGA; < 10th percentile of a standard BW curve for GA)/appropriate for GA (10th percentile ≤ appropriate for GA ≤ 90th percentile of a standard BW curve for GA)/large for GA (> 90th percentile of a standard BW curve for GA), the new curves had lower average weights at younger GA until 30-31 weeks and higher or similar average weights after 31 weeks on the SGA curve. The differences found between our new curves and previous curves may be explained in part by differences in the infants who were born in 2010-2012 versus those born in 2000-2004. These differences in BW distribution may be explained by multiple factors that influence BW in developed countries, such as smoking, low weight gain during pregnancy, low pre-pregnancy body mass index or demographic changes by increasing numbers of multicultural families in Korea (28, 29) . On the contrary, the new curves had higher average weights at younger GA until 32-33 weeks and lower average weights after 33 weeks on the large for GA curve. Data from Statistics Korea reported that the percentages of HBW infants among total live births decreased over the years as follows: 6.7% (1993), 6.3% (1995), 5.1% (1997), 4.5% (2000), and 3.5% (2010). Between 1993 and 2010, the average BW of Korea was reduced from 3.31 kg in 1993 to 3.22 kg in 2010 by approximately 0.1 kg (30) . Recent changes in percentages of HBW infants and average BW could help to explain why the new curves are shifted down in the older GA on the appropriate GA and large for GA curves. Compared with twin curves, our twin curve had similar average weights at < 37 weeks but higher weights at > 37 weeks. The reason for these differences is currently unknown and should be confirmed in further studies that include fetal outcome.
Despite the fact that the total number of newborns in 2010 was lower than that in 2000, the number of multiple gestations increased from 10,723 in 2000 to 12,841 in 2010, while the multiple birth rate increased 1.6 times from 16.9 in 2000 to 27.3 in 2010 as results of the ovulation inducing agent related to artificial insemination and the increased use of in vitro fertilization (31) (32) (33) . Although multiples compared with singletons have higher mortality and morbidity rates, few studies have examined the BW of multiples in Korea (34, 35) . In this study, we tried to establish the distribution of BW percentiles considering newborn plurality. However, the overall data of newborns by the Korean Statistical Information (2010-2012) have estimated errors at 28-32 weeks' gestation. The distribution curves represent the double humped curve. The estimated error data were located on the right, which means heavier newborns for GA. This is the limitation of the large data analysis, but this report removed errors using the Finite Gaussian mixture model.
In this study, we established the new reference range of the neonatal BW percentiles considering GA, sex, and plurality of newborns in Korea. We expect the updated data to be utilized as a new Korean reference to improve clinical growth assessments in newborns.
